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ABSTRACT 



The invention includes compositions, kits and methods 
comprising a monoclonal antibody which shares key func- 
tional properties with me polyclonal antibodies which par- 
ticipate in the pathogenesis of heparin induced 
u^ombecyxor^erna/throrabosis (HTT/Hl JT) in a mammal. 
The monoclonal antibody of the invention preferentially 
binds with a PF4/heparin complex relative to the binding of 
the antibody with PF4 or heparin alone. The monoclonal 
antibody of the invention also binds specifically with PF4 in 
a complex with other glycosaminoglycans besides heparin, 
and also activates platelets. The monoclonal antibody of the 
invention is useful in methods for diagnosing and treating 
HTT/HnT in a mammaL A humanized version of the mono- 
clonal antibody Of the invention is also included, along with 
a process for humanizing the monoclonal antibody of the 
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murine antibody onto the human heavy and light chain creating a library of phage which express human Fab 
framework residues. The original technique described by fragments on their surface. Phage which display the anti- 
Reichman et. al. involves producing a human variable region body of interest are selected by antigen binding and are 
with the desired specificity of Lhe murine hypervariaWe propagated in bacteria to produce soluble human Fab immu- 
re gion. Murine hypervariable (HV) primers with sequences 5 noglobulin. Thus* in contrast to conventional monoclonal 
complementary co the murine HV region are synthesized antibody synthesis, ibis procedure immortalizes DNA 
with flanking human framework sequences corresponding to encoding human immunoglobulin rather than cells which 
the human HV region. These murine HV primers, in addition express human immunoglobulin. 

to nucleotides and DNA polymerase, are added to a plasmid The procedures just presented describe the generation of 

containing the human variable region gene. This reaction io phage which encode die Fab portion of an antibody mol- 

results in a humanized murine variable gene (huV). con- ecule. However, the invention should not be construed to be 

laining human framework regions and murine HV regions. limited solely to the generation of phage encoding Fab 

The humanized variable region is next inserted into a antibodies. Rather, phage which encode single chain anii- 

plasmid containing a human constant region gene. bodies (scFv/phage antibody libraries) are also included in 

This procedure was employed to create humanized heavy 15 the invention. Fab molecules comprise the entire Ig light 

and light chains which were then cotransfcctcd into a chain, that is, they comprise both the variable and constant 

non-secreting myeloma cell line. Subsequent refinements of region of the light chain, but include only the variable region 

this basic procedure have resulted in a process for producing and first constant region domain (CHI ) of the heavy chain, 

humanized antibodies with affinities and biological proper- Single chain antibody molecules comprise a single chain of 

ties comparable to that of the parent murine monoclonal 20 protein comprising the Ig Fv fragment. An Ig Fv fragment 

antibody (Emery et al., 1995, Strategics for humanizing includes only the variable regions of the heavy arid light 

antibodies. In: Antibody Engineering, 2** ed. T Ed. Borre- chains of the antibody, having no constant region contained 

bacckCAK)pp 159- 183, Oxford Uni versify Press, Oxford). therein. Phage libraries comprising scFv DNA may be 

This technology can be similary utilised to create functional generated following the procedures described in Marks et 

humanized Fab* fragments in bacterial cells (Carter et. al., is aL, 1991, J. MoL Biol, 222:581-597, Panning of phage so 

1 992, Bio/Technology, 1 0: 1 63-1 68) . generated for the isolation of a desired antibody is conducted 

For ihe purposes of the present invention, the larter in a manner similar to that described for phage libraries 

technique of humanizing antibodies using CDR grafting to comprising Fab DNA. 

generate humanized monoclonal antibodies or Fab deriva- The invention should also be construed to include syn- 

tives thereof is the preferred technique for reducing the 30 thetk phage display libraries in which the heavy and light 

immunogenicity of murine monoclonal antibodies in chair) variable regions may be synthesized such that they 

humans. include nearly all possible specificities (Barbas, 1995, 

Antibodies displayed at die surface of a bacteriophage are Nature Medicine J :837-S39; de Kntif ei al. 1995, J. Mol, 

also contemplated by the antibodies of the invention. Bac- BioL248 :97-10t5). 

teriophage which encode the desired antibody may be engi- 35 In one embodiment, the monoclonal antibody of the 
neered such that me protein is displayed on the surface invention comprises a heavy chain polypeptide having an 
tncrcofm snch a inaimex mat it is available for bmdm amino add sequence which shares al least about 80% 
corresponding binding protein, e.g., the antigen against homology with SEQ ID NO:l (FIG. 7A). Preferably, the 
which the antibody is directed. Thus, when bacteriophage heavy chain polypeptide is about 85% homologous, more 
which express a specific antibody are incubated in the 40 preferably about 90% homologous, even more preferably 
presence of a cell which expresses the corresponding about 95% homologous, and most preferably about 999i 
antigen, the bacteriophage will bind to the cell. Bacterioph- homologous 10 the heavy chain polypeptide of SEQ ID 
age which do not express the antibody will not bind to the NO: 1. Even more preferably, the monoclonal antibody of the 
cell. Such panning techniques are well known in the art and invention comprises a heavy chain polypeptide which is 
are described for example, in Wright et aL, (supra). 45 SEQ ID NO:l. Also, in this embodiment the monoclonal 
To generate a phage antibody library, a cDNA library is antibody of the invention comprises a light chain polypep- 
first obtained from mRNA which is isolated from cells, e.g^ tide having an amino acid sequence which shares at least 
the hybridoma, which express the desired protein to be about 80% homology with SEQ ID NO:2 (FIG. 7B). 
expressed on the phage surface, e.g., the desired antibody. Preferably, Che light chain polypeptide is about 85% 
cDNA copies of the mRNA arc produced using reverse 50 homologous, more preferably about 90% homologous, even 
transcriptase. cDNA which specifies irnmnnoglobulin frag- more preferably about 95% homologous, and most prefer- 
ments are obtained by PGR and the resulting DNA is cloned ably about 99% homologous to the light chain polypeptide 
into a suitable bacteriophage vector to generate a bacterioph- of SEQ ID NO;2. Even more preferably, the monoclonal 
age DNA library comprising DNA specifying unmunoglo- antibody of the invention comprises a light chain polypep- 
bulin genes. The procedures for malting a bacteriophage 55 tide which is SEQ ID NO:2. 

library comprising heterologous DNA are well known in the The determination of percent homology (Le. percent 

art and are described, for example, in Sambroofc et at (1989, identity) described herein between two amino acid or nucle- 

Molecular Cloning: A Laboratory Manual, Cold Spring otide sequences can be accomplished using a mameinatical 

Harbor, N.Y.). algorithm. For example, a rnathemaiical algorithm useful for 

Processes such as those described above, have been 60 comparing two sequences is the algorithm of Kariin and 

developed for the production of human antibodies using Altschul (1990. Proa Natl. Acad. Sci. USA 87:2264-2268), 

M13 bacteriophage display (Burton et al., 1994, Adv. Immu- modified as in Karhn and Altschul (1993. Proc. Natl Acad, 

not 57:191-280). Essentially, a cDNA library is generated Sci. USA 90:5873-5877). This algorithm is incorporated 

from mRNA obtained from a population of antibody- into the NBLAST and XB1AST programs of Altschul* etaL 

producing cells. The mRNA encodes rearranged immune- 65 (1990, J. MoL BioL f£52203*CD- and can be accessed, for 

globulin genes and thus, the cDNA encodes the same. example, at the National Center for Biotechnology Infor- 

AmphTLcd cDNA is cloned into M13 expression vectors mation (NCBD world wide web site having the universal 
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demulcents, preservatives, buffers, salts, flavorings, coloring and administration of the pharmaceutical composition 
agents, and sweetening agents. Oily suspensions may further through the breach in the tissue. Parenteral administration 
com prise a thickening agent." Known suspending agents thus includes, but is not limited to, administration of a 
include, but are not limited to, sorbitol syrup, hydrogenared pharmaceutical composition by injection of the composition, 
edible fats, sodium alginate, poryvinylpyrrolidone, gum 5 by application of the composition through a surgical 
tragucamh, gum acacia, and cellulose derivatives such as incision, by application of the composition through a tissue- 
sodium carboxymethylcellulose, raethylcellulosc, hydrox- penetrating nor>- surgical wound, and the like. In particular, 
ypropylmethylceJluJose. Known dispersing or wetting parenteral admiius option is contemplated to include, but is 
agents include, but arc not limited to, naturally-occurring not limited io, subcutaneous, intraperitoneal, iniramuscular, 
phosphatides such as lecithin, condensation products of an io iptertESia^ injection, and kidney dialytic infusion lech- 
alkylene oxide with a fatty acid, with a Long chain aliphatic uiques- iWtria-fl tter^noA 

alcohol, with a partial ester derived from a fatty acid and a Formulations of a pharmaceutical composition suitable 
hexitol. or with a partial ester derived from a fatty acid and for parenteral administration comprise the active ingredient 
a hexitol anhydride (e.g. poly Ox y ethylene s tear ate, combined with a pharmaceutical! y acceptable carrier, such 
heptadecaethyleneoxycetanol, poly oxy ethylene sorbitol 15 as sterile water or sterile isotonic saline. Such formulations 
monoolcatc, and polyoxyelhylene sorbiiau monooleate, may be prepared, packaged, ox sold in a form suitable for 
respectively). Known emulsifying agents include, but arc bolus adrninislraiion or for continuous administration, 
not limited to, lecithin and acacia. Known preservatives Injectable formulations may be prepared, packaged, or sold 
include, but are not limited to, methyl, ethyl, or n-propyl- in unit dosage form, such as in ampules or in multi-dose 
para- hydroxybenzoates, ascorbic acid, and sorbic acid. 20 containers containing a preservative. Formulations for 
Known sweetening agents include, for example, glycerol, parenteral adnnrustratioa include, but are not limited to, 
propylene glycol, sorbitol, sucrose, and saccharin. Known suspensions, solutions, emulsions in oily or aqueous 
thickening agents for oily suspensions include, for example, vehicles, pastes, and implantable sustained-release or bio- 
beeswax, hard paraffin, and cetyl alcohol degradable formulations. Such formulations may further 

Liquid solutions of the active ingredient in aqueous or 25 comprise one or mote additional ingredients including, but 

oily solvents may be prepared in substantially the same not limited to, suspending, stabilizing, or dispersing agents, 

manner as liquid suspensions, the primary difference being In one embodiment of a formulation for parenteral 

that the active ingredient is dissolved, rather than suspended adrninistrarion, the active ingredient is provided in dry (Le. 

in the solvent. Liquid solutions of the pharmaceutical com- powder or granular) form for rnconstitimon with a suitable 

position of the invention may comprise each of the compo- 30 vehicle (e,g. sterile pyrogen-free water) prior to parenteral 

nents described with regard to liquid suspensions, it being achnirnsLration of the reconstituted composition, 

understood that suspending agents will not necessarily aid The pharmaceutical compositions may be prepared, 

dissolution of the active ingredient in the solvent Aqueous packaged, or sold in the form of a sterile injectable aqueous 

solvents include, for example, water and isotonic saline. or oily suspension or solution. This suspension or solution 

Oily solvents include, for example, almond oil, oily esters, 35 may be formulated according to the known art, and may 

ethyl alcohol, vegetable oils such as arachis. olive, sesame, comprise, in addition to the active ingredient, additional 

or coconut oil, fractionated vegetable oils, and mineral oils ingredients such as the dispersing agents, weiring agents, or 

such as liquid paraffin. suspending agents described herein. Such sterile injectable 

Powdered and granular formulations of a pharmaceutical formulations may be prepared using a n on -toxic 

preparation of the invention may be prepared using known 40 parenteral ly-acceptable diluent or solvent, such as water or 

methods. Such formulations may be admioistered directly to 1 3-butane diol, for example. Other acceptable diluents and 

a subject, used, for example, to form tablets, to fill capsules, solvents include, but are not limited to, Ringer's solution, 

or io prepare an aqueous or oily suspension or solution by isotonic sodium chloride solution, and fixed oils such as 

addition of an aqueous or oily vehicle thereto. Each of these synthetic mono- or di-glycerides. Other parentally- 

formnlarions may norther comprise one or more of dispcrs- 45 admmisttablc formulations which are useful include those 

ing or wetting agent, a suspending agenL and a preservative. which comprise the active ingredient in niicracrystallinc 

Additional excipicnts,. such as fillers and sweetening, form, in a liposomal preparation, or as a component of a 

flavoring, or coloring agents, may also be included in these biodegradable polymer systems. Compositions for sustained 

formulations. release or implantation may comprise pharmaceutically 

A priarrnaceutical composition of the invention may also 50 acceptable polymeric or hydrophobic materials such as an 

be prepared, packaged, or sold in the form of oil-in-waier emulsion, an ion exchange resin, a sparingly soluble 

emulsion or a water-in-oil emulsion. The oily phase may be polymer, or a sparingly soluble salt 

a vegetable oil such as olive or arachis oil, a mineral oil such Formulations suitable for topical adrninistration include, 

as liquid pararfin, or a combination of these. Such compo- but are not limited to, liquid or semi-liquid preparations such 

sitions may further comprise one or more emulsifying agents 55 as liniments, lotions, oil-in- water or waier-in-oil emulsions 

such as naturally occurring gums such as gum acacia or gum such as creams, oinlrnents or pastes, and solutions or Sus- 

tragacanxh, namraUy-c^urring phosphatides such as soy- pensions. Topicalfy-ariministrable fonnuiarions may, for 

bean or leciunn phosphatide, esters or partial esters derived example, comprise from about \9> to about 10% (w/w) 

from combinations of fatty acids and hexitol anhydrides active ingredient, although the concentration of the active 

such as sorbitan monooleate. and condensation products of 60 ingredient may be as high as the solubility limit of the active 

such partial esters with ethylene oxide such as polyoxyeth- ingredient in the solvent Formulations for topical adminis- 

ylene sorbitan monooleate. these emulsions may also con- tration may further comprise one or more of the additional 

tain additional ingredients including, for example, sweeten- ingredients described herein. 

ing or flavoring agents. A pharmaceutical composition of the invention may be 

As used herein, "parenteral administration" of a pharma- 65 prepared, packaged, or sold in a formulation suitable for 

ceutical composition includes any route of administration buccal aHminis tratir>n Such formulations may* for example, 

characterized by physical breaching of a tissue of a subject be in (he form of tablets or lozenges made using conven- 
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ABSTRACT 



The invention includes compositions, kits and methods 
comprising a monoclonal antibody which shares key func- 
tional properties witb the polyclonal antibodies which par- 
ticipate in the pathogenesis of heparin induced 
thrombocytopenia/thrombosis (HTT/HnT) in a mammal 
The monoclonal antibody of the invention preferentially 
binds with a PF4/beparin complex relative to die binding of 
the antibody with PF4 or heparin alone. The monoclonal 
antibody of the invention also binds specifically wilh FF4 in 
a complex with other glycosaminoglycans besides heparin* 
and also activates platelets. The monoclonal antibody of the 
inven tion i s useful in methods for diagnosing and treating 
HTT/HnT in a maznmaL A humanized version of the mono- 
clonal antibody of the invention is also included, along with 
a process for humanizing the monoclonal antibody of the 
inventiotL 

6 Claims* 10 Drawing Sheets 
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murine antibody onto the human heavy and light chain creating a library of phage which express human Fab 

framework residues. The original technique described by fragments on their surface. Phage which display the anti- 

Reichmnnet.al. involves producing a human variable region body of interest are ^elected by antigen binding rod arc 

with the desired specificity of the murine hype rvari able propagated in bacteria to produce soluble human Fab immn- 

region. Murine hypervariable (HV) primers with sequences 3 noglobulin. Thus, in contrast to conventional monoclonal 

complementary to the murine HV region ans synthesized antibody synthesis, this procedure immortalizes DNA 

with flanking human framework sequences corresponding to encoding human immunoglobulin rather than cells which 

the human HV region. These murine HV primers, in addition express human immunoglobulin. 

to nucleotides and DNA polymerase;, arc added to a plasmid The procedures just presented describe the generation of 

containing the human variable region gene. This reaction 10 phage which encode the Fab portion of an antibody mol- 

resuJts in a humanized murine variable gene (boV), con- eculc. However, the invention should not be construed to be 

tairiing human framework regions and murine HV regions. limited solely to the generation of phage encoding Fab 

The humanized variable region is next inserted into a antibodies. Rather, phage which encode single chain anti- 

plasmid containing a human constant region gene. bodies (scFv/pbage antibody libraries) are also included in 

This procedure was employed to create humanized heavy 15 the invention. Fab molecules comprise the entire Ig light 

and light chains which were then cotransfected into a chain, that is, they comprise boih the variable and constant 

non-sccrcting myeloma cell line. Subsequent refinements of region of the light chain, but include only the variable region 

this basic procedure have resulted in a process for producing and first constant region domain (CH 1 ) of the heavy chain, 

humanized antibodies with affinities and biological proper- Single chain antibody molecules comprise a single chain of 

ties comparable to that of the parent murine monoclonal 20 protein comprising (he Ig Fv fragment. An Ig Fv fragment 

antibody (Emery et al., 1995, Strategies for humanizing includes only the variable regions of the heavy and light 

antibodies, lrr Antibody Engineering, 2*" 1 ed.„ Ed_ Borre- chains of the antibody, having no constant region contained 

baeckCAK)pp 159-183, ChtfcrrdUrjiversity Press, Oxford). therein. Phage libraries comprising scFv DNA may be 

This technology can be similary utilized to create functional generated following the procedures described in Marks ct 

humanized Fab 1 fragments in bacterial cells (Carter ei_ aL, 25 al,, 1991, J. Mol. Biol. 222:581-597. Panning of phage so 

1 992. Bio/Technology, 1 Ch 1 63-1 68). generated for the isolation of a desired antibody is conducted 

For the purposes of the present invention, the latter in a manner similar to that described for phage libraries 

technique of humanizing antibodies using CDR grafting to comprising Fab DNA. 

generate humanized monoclonal antibodies or Fab deriva- The invention should also be construed to include syn- 

tives thereof is the preferred technique for reducing the 30 thetic phage display libraries in which the heavy and light 

iromnnogenicity of murine monoclonal antibodies in Chain variable regions may be synthesized such that they 

humans. include nearly all possible specificities (Barbas, 1995, 

Antibodies displayed at the surface of a bacteriophage are Namre Medicine 1:837-^839; 6c Knrif ct al. 1995, J. Mol. 

also contemplated by the antibodies of the inveniion. Bac- Biol.248:97-l05). 

teriophage which encode the desired antibody may be engi- 35 In one embodiment, the monoclonal antibody of the 
nee red such that the protein is displayed on the surface invention comprises a heavy chain polypeptide having an 
thereof in such a manner that it is available for binding to its amino acid sequence which shares at least about 80% 
corresponding binding protein, e.g., the antigen against homology with SEQ ID NOtl (FIG. 7A). Preferably, the 
which the antibody is directed. Thus, when bacteriophage heavy chain polypeptide is about 85% homologous, more 
which express a specific antibody are incubated in the 40 preferably about 90% homologous, even more preferably 
presence of a cell which expresses the corresponding about 95% homologous, and most preferably abouz 99% 
antigen, the bacteriophage will bind to the cell. Bacterioph- homologous lo the heavy chain polypeptide of SEQ ID 
age which do not express the antibody will not bind 10 the NO:l. Even more preferably, the monoclonal antibody of the 
cell Such panning techniques are well known in the art and invention comprises a heavy chain polypeptide which Is 
are described for example, in 'Wright et al., (supra). 45 SEQ ID NO:l. Also, in this embodiment the monoclonal 
To generate a phage antibody library* a cDNA Horary is antibody of the invention comprises a light chain polypep- 
first obtained from mRNA which is isolated from cells, e.g.. tide having an amino add sequence which shares at least 
the hybridoma, which express the desired protein to be about 80% homology with SEQ ID NO:2 (FIG. 7B). 
expressed on the phage surface, e.g., the desired antibody. Preferably, the light chain polypeptide is about 85% 
cDNA copies of the mRNA are produced using reverse 50 homologous, more preferably about 90% homologous, even 
transcriptase. cDNA which specifies immunoglobulin frag- more preferably about 95% homologous, and most prefer- 
ments are obtained by PGR and the resulting DNA is cloned ably about 99% homologous to the light chain porypeptide 
into a suitable bacteriophage vector to generate a bacterioph- of SEQ ID NO:2. Even more preferably, the monoclonal 
age DNA library comprising DNA specifying immiinoglo- antibody of the invention Comprises a light chain potypep- 
bulin genes. The procedures for making a bacteriophage 55 tide which is SEQ ID NO_2. 

library comprising heterologous DNA arc well known in the The determination of percent homology (i.c. percent 

art and arc described, for example, in Sambrook et aL (1989, identity) described herein between two amino acid or rmcle- 

Molecnjar Ooning; A Laboratory Manual, Cold Spring otide sequences can be accomplished using a raaihcxnatical 

Harbor, N.Y.). algorithm. For example, a mathematical algorithm useful for 

Processes such as chose described above, have been 60 comparing two sequences is the algorithm of Karlin and 

developed for the production of human antibodies using Altschul (1990* Proc Nad. Acad. Sri. USA 87:2264-2268), 

M13 bacteriophage display (Burton ct al.. 1994, Adv. Imrrru- modified as in Karlin and Altschul (1993, Proa NatL Acad. 

noL 57:191-280). Essentially, a cDNA library is generated Sd. USA 90:5873-5877). this algorithm is mcorporaied 

from mRNA obtained from a population of antibody- into the NBLAST and XBLAST programs of Alisctrul, ct al. 

producing cells. The mRNA encodes rearranged imimino- 65 (1990. J. Mol. BioL fpHfTHtTft and can be accessed, for 

globulin genes and thus, the cDNA encodes the same. example, at the National Center for Biotechnology lnfor- 

Amplificd cDNA is cloned into Ml 3 expression vectors mation (NCBI) world wide web site having the universal 
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demulcents, preservatives, buffers, sails, flavorings, coloring and administration of the pharmaceutical composition 
agents, and sweetening agents. Oily suspensions may further through the breach in the tissue. Parenteral administration 
comprise a thickening agent. Known suspending agents thus includes, but is not limited 10, ^ministration of a 
include, but are not limited to, sorbitol syrup, hydrogenated pharmaceutical composition by injection of the composition, 
edible fats, sodium alginate, polyvmylpyrrolidDnc, gum 5 by application of the composition through a surgical 
tragacanth, gum acacia, and cellulose derivatives such as incision, by application of the composition through a tissue- 
sodium carboxy methyl cellulose, methylcellulose. hydrox- penetrating non-surgical wound, and the like. In particular, 
y propyl methyl cellulose. Known dispersing or wetting parenteral admmistration is contemplated to include, but is 
agents include, but arc not limited 10, naturally-occurring not limited 10, subcutaneous, intraperitoneal, intramuscular, 
phosphatides such as lecithin, condensation products of an 10 ijj&£itEf£ai k injection, and kidney dial y tic mfusion Ltsch- 
alkylene oxide with a fatty acid, with a long chain aliphatic niques. iVrhnxS+te^rfcOA 

alcohol, with a partial ester derived from a fatty acid and a Formulations of a pharmaceutical composition suitable 
hexitol, or with a partial ester derived from a fatty add and for parenteral administradon comprise the active ingredient 
a hexitol anhydride (e.g. polyoxy ethylene stcarate. combined with a pharmaceutical^ acceptable carrier, such 
heptadeeactbyleneoxyceianol, polyoxyethylene sorbitol 15 as sterile water or sterile isotonic saline. Such formulations 
monooleate, and polyoxyethylene sorbitan monooleate. may be prepared, packaged, or sold in a form suitable for 
respectively). Known emulsifying agents include, but are bolus administraiion or for continuous administration, 
not limited to, lecithin and acacia. Known preservatives Injectable formulations may be prepared, packaged, or sold 
include, but are not lirmted 10, mclhyl, ethyl, or n-propyl- in unit dosage form, such as in ampules or in multi-dose 
para- hydroxybenzoates, ascorbic acid, and sorbic acid. 20 containers containing a preservative. Formulations for 
Known sweetening agents include, for example, glycerol, parenteral administration include, but are noi limited to, 
propylene glycol, sorbitol, sucrose, and saccharin. Known suspensions, solutions, emulsions in oily or aqueous 
thickening agents for oily suspensions include, for example* vehicles, pastes, and implantable sustained-release or bio- 
beeswax, hard panalBn, and celyJ alcohol. degradable formulations. Such formulations may further 

Liquid solutions of the active ingredient in aqueous or 25 comprise one or more additional ingredients including, but 

oily solvents may be prepared in substantially the same not limited to, suspending, stabilizing, or dispersing agents, 

manner as Liquid suspensions, the primary difference being In one embodiment of a formulation for parenteral 

that the active ingred5em is dissolved, rather than suspended administraiion, the active ingredient is provided in dry (i.e. 

in the solvent. liquid solutions of the pharmaceutical com- powder or granular) form for rcconSlituLion with a suitable 

position of the invention may comprise each of the compo- 30 vehicle (e.g. sterile pyrcgen-free water) prior to parenteral 

nents described with regard to liquid suspensions, it being adjnini strati on of the reconstituted composition, 

understood thai suspending agents wjJl not necessarily aid The pharmaceutical compositions may be prepared, 

dissolution of the active ingredient in the solvent. Aqueous packaged, or sold in the form of a sterile injectable aqueous 

solvents include, for example, water and isotonic saline. or oily suspension or solution. This suspension or solution 

Oily solvents include, for example, almond oil, oily esters, 35 may be formolaied according 10 the known an, and may 

ethyl alcohol, vegetable oils such as arachis, olive, sesame, comprise, in addition to the active ingredient, additional 

or coconut oil, fractionated vegetable oils, and mineral oils ingredients such as the dispersing agents, wetting agents, or 

such as liquid paraffin. suspending agents described herein. Such sterile injectable 

Powdered and granular formulations of a pharmaceutical formulations may be prepared using a non-toxic 

preparation of the invention may be prepared using known 40 parerjr^rally-acceptable d&luent or solvent, such as water or 

methods. Such formulations may be adimru stared directly to 1 3-butane diol, for example. Other acceptable diluents and 

a subject, used, for example, to form tablets, to fill capsules, solvents include, bat are not limited to, Ringer's solution, 

or to prepare an aqueous or oily suspension or solution by isotonic sodium chloride solution^ and fixed oils such as 

addition of an aqueous or oily vehicle thereto. Each of these synthetic mono- or di-glyccrides- Other parenlaJly- 

formulations may further comprise one or more of dispers- 45 admimstxable formulations which are useful include those 

ing or welting agent, a suspending agent, and a preservative. which comprise the active ingredient in nricrocrySlallinc 

Additional excipients, such as fillers and sweetening, form, in a liposomal preparation, or as a component of a 

flavoring, or coloring agents, may also be included in these biodegradable polymer systems. Compositions for sustained 

formulations. release or implantation may comprise pharmaceutical^ 

A pharmaceutical composition of the invention may also 50 acceptable polymeric or hydrophobic materials such as an 

be prepared, packaged, Or sold in the form of cil-in-waier emulsion* an ion exchange resin, a sparingly soluble 

emulsion or a water-in -oil emulsion. The oily phase may be polymer, or a sparingly soluble salt 

a vegetable oD such as olive or arachis oil, a mineral oD such Formulations suitable for topical administraiion include, 

as liquid paraffin, or a combination of these. Such compo- but are not limited to, liquid or semi-liquid preparations such 

sitions may further comprise one or more emulsifying agents 55 as liniments, lotions, onVm-waier or waier-in-oil emulsions 

such as naturally occurring gums snch as gum acacia or gum such as creams, ointments or pastes, and solutions or sus- 

tragacantb, natuially-occurring phosphatides such as soy- pensions. Topically-admirdsrrablc fonnulaiioris may, for 

bean or lecithin phosphatide, esters or partial esters derived example, comprise from about 1% to about 10% (w/w) 

from combinations of fatty adds and hexitol anhydrides active ingredient, although the concentration of the active 

such as sorbitan monooleate, and condensation producrs of 60 ingredient may be as high as the solubility Hmji of the active 

such partial esters with ethylene oxide such as poiyoxyetb- ingredient in tne solvent. Formulations for topical adminis- 

ylene sorbitan monooleate. These ernnlsions may also con- traiion may further comprise one or more of the additional 

tain additional ingredients including, for example, sweeten- ingredients described herein. 

ing or flavoring agents. A pharmaceutical composition of the invention may be 

As used herein, parenteral adiriimsrraijon" of a pharma- 65 prepared, packaged; or sold in a formulation suitable for 

centical composition includes any route of admirtistration buccal adniirdstration. Such formulations may, for example, 

characterized by physical breaching of a tissue of a subject be in the form of tablets or lozenges made using conven- 
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